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1. Introduction 
Erythrocyte abnormalities associated with chronic 
alcoholism include alterations in cell morphology, 
increased osmotic fragility and decreased erythrocyte 
filterability [l-4]. Proposed mechanisms for these 
abnormalities include an altered membrane choles- 
terol to phospholipid ratio, folate deficiency and 
direct bone-marrow toxicity by ethanol. We suggest 
that acetaldehyde, the first product of ethanol oxida- 
tion, may account for some of the erythrocytic altera- 
tions by reacting with erythrocyte spectrin and actin. 
It is known that free blood acetaldehyde accumulates 
to about 0.05 mM in chronic alcoholics [ 51. Further- 
more, spectrin and actin are thought o be involved in 
the maintenance of erythrocyte shape and flexibility 
[6-131. 
Although there is no direct evidence that acetal- 
dehyde binds to proteins of the human erythrocyte, it 
has been known that this compound can cross-link 
proteins [141 and can alter certain physical properties 
of erythrocytes [15-171. Unfortunately, these studies 
were performed mainly at unusually high acetaldehyde 
concentrations (2% or greater) and at temperatures at
or beyond the boiling point of acetaldehyde (20°C) 
making interpretation difficult. Steck [ 181 has pre- 
Definitions of cell morphology used: Stomatocyte an eryth- 
rocyte with a linear-appearing central depression as opposed 
to the usual circular-appearing central depression. Triangulocyte 
a type of stomatocyte with a triangular-shaped central depres- 
sion. Poikilocytosis the presence of varying shapes within an 
erythrocyte population. 
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sented evidence that related compounds (e.g., formal- 
dehyde and glutaraldehyde) may cross-link spectrin at 
low aldehyde concentrations. However, evidence for 
f cross-linking of spectrin and actin is lacking. 
In this communication, we present evidence which 
suggests hat acetaldehyde r acts with proteins of the 
human erythrocyte membrane in a manner analogous 
to the formaldehyde and glutaraldehyde r actions 
reported by Steck [ 181. However, unlike these aldy- 
hydes, acetaldehyde appears to react with both spec- 
trin and actin. We also present evidence that acetalde- 
hyde binds to erythrocyte membrane proteins in the 
intact cell and produces characteristic changes in cell 
morphology (stomatocytes). Evidence indicating that 
acetaldehyde binds to intracellular hemoglobin is also 
discussed. These results uggest that cetaldehyde can 
bind irreversibly to proteins of the human erythrocyte 
and they may offer a possible molecular basis for the 
transient stomatocytosis seen in chronic alcoholism. 
Some of the results communicated in this report were 
presented at the 1976 annual Meeting of the Ameri- 
can Society of Hematology [191. 
2. Materials and methods 
Human erythrocyte ghosts were prepared from 
freshly outdated bank blood in 5 mM sodium phos- 
phate, pH 8,5P(8), according to Fairbanks et al. [20]. 
Erythrocyte spectrin and actin were isolated by incu- 
bating intact l-lb-free ghosts in 0.5 mM sodium phos- 
phate, pH 8, plus 0.1 mM EDTA at 37°C for 15 mm, 
after a 1:40 dilution [21]. The membranes were 
pelleted and the supernatant collected and volume 
depleted by vacuum in a 10 S and S Collodion bag 
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No. 100 (Scheicher and Schuell, Inc., Keene, New 
Hampshire). Hemoglobin was isolated according to 
Salhany et al. [22]. 
Due to the 20°C boiling point of acetaldehyde, 
reactions were carried out in sealed containers in a 
cold room (2-4’(J). Acetaldehyde was from Eastman 
Kodak (Rochester, NY) and was greater than 98% 
pure as determined in this laboratory using the gas- 
chromatographic method of Cederbaum et al. [23 1. 
The only detectable impurity was acetic acid, which 
does not produce any of the results reported below. 
Polyacrylamide gel electrophoresis in sodium dode- 
cyl sulfate (SDS-PAGE) was performed according to 
Fairbanks et al. [20] and Steck [ 181. The gels con- 
tained 3.9% acrylamide (w/v) and 0.2% SDS. A typi- 
cal run consisted of solubilization of the membranes 
(usually 3 mg protein/ml) with final concentrations, 
1% SDS, 5% sucrose, 10 mM Tris-HCl, 1 mM EDTA 
and 32 mM dithiothreitol, pH 7.4. The sample was 
heated (4O”C), mixed and 40 fi applied to the top of 
the gel. Electrophoresis and staining were performed 
as described elsewhere [ 18, 201. In some experiments, 
membranes or intact cells were treated with [14C]acet- 
aldehyde (4.2 mCi/mM, New England Nuclear, Boston, 
MA). Tandem gels were either stained or sliced after 
electrophoresis, with the unstained slices solubilized 
in Aquasol (New England Nuclear) and counted in a 
Beckman Liquid Scintillation Counter. Efficiencies 
were determined by external standardization. 
3. Results and discussion 
The major gel bands from the erythrocyte are 
numbered according to Steck [I 81. The effect of 
increasing acetaldehyde concentration on ghost pro- 
teins is illustrated in fig. 1. The intensities of bands 
1, 2 and 5 strongly decreased with new, slowly migrat- 
ing bands appearing at the top of the gel. Like Steck’s 
[ 181 formaldehyde and glutaraldehyde r actions, the 
amount of new high molecular weight protein (HMWP) 
increased with aldehyde concentration, incubation 
time, pH 6-8, temperature and ionic strength. How- 
ever, unlike the formaldehyde or glutaraldehyde 
treatments, we could see the involvement of bands 
1, 2 and 5 for the first time. The minor bands 2.1, 2.2, 
2.3,4.2 and 6 may also be involved. 
Ghosts were reacted with [I4 C] acetaldehyde such 
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Fig.1. Effect of acetaldehyde on human erythrocyte mem- 
brane proteins in Hb-free ghosts. Ghosts (3 mg protein/ml) 
and acetaldehyde were incubated in SP(8) for 30 min at 4’C. 
Samples were solubilized and electrophoresed as described in 
the text. Final concentrations of acetaldehyde were 0 mM, 
5 mM and 10 mM and are indicated at the bottom of each 
gel. Bands are classified according to Steck [ 181. Arrows indi- 
cate positions of bands 1, 2 and 5. The gels were stained with 
Coomassie Blue. 
that the final concentration of acetaldehyde was 1 mM 
containing 5/.&i of 14C. Figure 2 shows a plot f the 
counts along a sliced, solubilized tandem gel versus a 
Coomassie Blue stained gel. Most of the counts 
occurred in the HMWP region of the gel. Some counts 
were found further along the gel, but the intensity 
was at least an order of magnitude l ss. This result 
suggests hat the new HMWP does contain bound 
acetaldehyde. We do not rule out some small amount 
of binding to other membrane proteins. 
When isolated spectrin and actin, containing some 
band 2.1 protein, were reacted with acetaldehyde, we 
observed the formation of apparently very high 
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Fig.2. Binding of [“Clacetaldehyde tomembrane proteins of Hb-free ghosts. Ghosts were reacted with stock buffer solutions 
such that the fmal concentration f acetaldehyde was 1 mM containing 5 pCi of I’C, at 4°C for 10 min. Some of the gels were 
stained as usual, whiie other unstained gels from the same run were sliced, solubilized and counted as described in the text. 
moletiular weight material (fig.3). These results suggest 
that the component proteins form a complex (either 
stable or transient) which may be cross-linkable by 
acetaldehyde. There is other evidence to suggest hat 
spectrin and actin can form a definite structure even 
in the absence of the overlying membrane [7]. 
We have studied the reaction of these low levels of 
acetaldehyde with washed, intact erythrocytes and 
whole blood under isosmolar conditions. Washed 
erythrocytes were reacted for 30 min at 4’C with 
[“Cl acetaldehyde (final concentration 5 mM acetal- 
dehyde containing 10 $Ji of ‘“C). Free acetaldehyde 
was vaporized into a semicarbizide trap and was found 
to comprise 16% of the initial amount of label added, 
with 84% remaining in the suspension. The cells were 
pelleted and the clear supernatant measured for 14C. 
None was detected. The cells were lysed in 5P(8) 
(1:40), the ghosts pelleted and the initial hemolysate 
collected. The ghosts were washed three times in 
5P(8) to remove hemoglobin, solubilized and counted. 
Protein concentration was determined according to 
Lowry et al. [24]. We found both the Hb-free mem- 
branes and the initial hemolysate to contain about the 
same amount of label (hemolysate 5.2 cpm/@g pro- 
tein, membrane 4 cpm/pg protein). SDS-PAGE of 
the ghosts and counting of tandem gels showed results 
similar to fig.2. This appears to indicate that acetal- 
dehyde can react with erythrocyte membrane proteins 
in both the intact cell and the isolated membrane. 
SDS-PAGE of the initial hemolysate showed a pattern 
suggesting hemoglobin cross-linking. This was con- 
firmed by reacting isolated hemoglobin (3.27 mg/ml) 
in 5P(8) with 5 mM acetaldehyde (final concentration) 
and performing SDS-PAGE. The two new bands 
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Fig.3. Reaction of acetaldehyde with isolated spectrin and 
actin. Spectrin and actin were eluted from erythrocyte ghosts 
and volume-depleted as described in the text, then incubated 
for 30 min at 4’C with 0 mM, 5 mM and 10 mM acetaldehyde 
(final concentrations). The numbers at the bottom of each 
gel indicate the concentration of acetaldehyde used. 
seen on the gel were at positions consistent with the 
molecular weights of dimers and tetramers of hemo- 
globin. 
In order to check for possible acetaldehyde-induced 
changes in cell morphology, we withdrew fresh venous 
blood in heparin from a normal donor and then added 
isosmolar acetaldehyde to the sealed container so as 
to give a final concentration of 1 mM. The container 
was allowed to stand for 120 min at 4°C. A portion 
of the blood was withdrawn and examined by light 
microscopy after staining asmear with Wright’s Stain. 
Fig.4 shows a photomicrograph from a typical experi- 
ment. We repeatedly observed marked poikilocytosis, 
stomatocytosis and what have been previously 
referred to as ‘triangulocytes’ [25]. Thus, there appears 
to be a correlation between cross-linking the spectrin- 
actin complex and a change in erythrocyte morphology 
Volume 75, number 1 FEtiS LETTERS March 1977 
which appears consistent With the proposed function 
of this complex. 
The present findings may be important in under- 
standing the molecular basis for the transient stomato- 
cytosis seen in chronic alcoholism [26]. The demon- 
stration that acetaldehyde can react irreversibly with 
proteins of the human erythrocyte may suggest that the 
free blood acetaldehyde l vels measured in vivo under- 
estimate the amount released by the liver in the 
chronic alcoholic. In vivo measurements of both free 
and bound blood acetaldehyde s em warranted. 
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Fig.4. Photomicrograph of normal, freshly drawn venous blood treated as described in the text with 1 mM acetaldehyde (final 
concentration). S stomatocyte and T ‘triangulocyte’ (see ref. [25]). Magnification X 970. There was no abnormal morphology 
observed in the same blood in the absence of acetaldehyde. 
119 
